Electrically induced ventricular and atrial tachycardias were observed in 12 cases, and ventriculoatrial (V-A) and atrioventricular (A-V) relationships were studied. It was noted that retrograde V-A conduction is a common phenomenon and that A-V dissociation is not a prerequisite for diagnosis of ventricular tachyeardia. Conduction through the A-V node occurred readily in both antegrade and retrograde directions; and, all grades of block from first to complete and including the Wenckebach phenomenon were observed in both directions. The intensity of the first heart sound and the amplitude of the jugular a wave were governed directly by the temporal relationship between the P and the QRS regardless of whether conduction was antegrade, atrioventricular, or retrograde, ventriculoatrial.
hand, the bizarre configuration and long duration of the QRS complexes secondary to aberrancy of intraventricular conduction are common in supraventricular tachycardias.2 Further, the atrioventricular (A-V) dissociation considered the hallmark of ventricular tachycardia can no longer be regarded as essential in view of the recent demonstrations of frequent retrograde ventriculoatrial (V-A) conduction2-8 and the frequent occurrence of A-V dissociation with A-V junctional rhythms. 9 Clinicians have sought assistance from bedside examination of the patient with special attention to the intensity of the first heart sound (Si) and the constancy of the jugular venous pulse waves (JVP).10-13 It has been reasoned that, in the presence of ventricular tachycardia, the dissociation of the ventricles from the atria would lead to a constantly changing relationship between atrial and ventricular contractions and this, in tumrn, would 8irculation, Volume XXXVI, November 1967 alter the intensity of the first heart sound and the amplitude of the a waves in the jugular veins. The value of these criteria could be seriously hampered, however, in view of the frequent occurrence of retrograde V-A conduction.2 8 A graphic study of these points The P waves on the bipolar esophageal lead and their relationship to the QRS complexes were studied and compared in the two types of tachycardia. Similarly, the intensity of the first heart sound and the amplitude of the venous waves were analyzed and compared. Six of the 12 cases halve been selected for detailed presentationi.
Results
Retrograde V-A conduction occurred in seven of 11 cases with normal sinus rhythm. Conduction was predominantly 1:1 in five and variable in two. Atrioventricular conduction in cases of atrial tachycardia was 1:1 in six and variable in two. In cases of 1:1 V-A conduction, the HP' intervals were constant, but changed in the manner of the Wenckebach phenomenon in the remaining two cases. In varied from beat to beat, the first heart sound was found to be inconstant and quite variable.
On the other hand, the appearance of the P wave immediately beyond or some time after the QRS complexes at varying RP' intervals did not seem to alter the first heart sound very significantly but caused profound changes in the size of the JVP, and specifically, of the a waves. In this patient with no docuimented lheart disease, the right ventricle was stimulated electrically at var-ying rates, and no V-A conduction 12 (Fig. 5) This patient was suspected of having stenosis of the left renal artery. The top tracing in figure 5 is a bipolar esophageal lead, the middle tracing is a direct intracavitary right atrial lead, and the bottom tracing is lead V1. The left panel shows two normal beats; the middle panel depicts right ventricular stimulation with retrograde 1: 1 V-A conduction. The greatly prolonged, but almost fixed RP' of 0.25 sec causes the P' to be nearer the subsequent QRS than the preceding one and to appear to be responsible for the former. The right panel shows 1:1 V-A conduction with gradually increasing RP' intervals (retrograde Wenckebach's phenomenon) culminating in a dropped P' after beat 10. In a spontaneously occurring ventricular tachycardia of this type in which esophageal or intracavitary electrograms are taken for diagnosis, the P' waves may be easily misinterpreted as P waves responsible for the ensuring QRS complexes. Alternatively, the arrhythmia may be viewed as a combination of a ventricular or A-V junctional tachycardia with an independent atrial tachycardia. Case 12, E.D. (Fig. 6) This patient had arteriosclerotic heart disease and atrial fibrillation. The left panel in figure 6 is the control tracing showing rather marked variations in the intensity of the first heart sound but relatively constant cv waves in the JVP. In the middle panel, the right ventricle is stimulated at a rate of 120/min. The change in the intensity of the first heart sound becomes less striking, and the JVP remains indistinguishable from that in the left panel. Recognition of the ventricular origin of the tachycardia would have been impossible in this case in which the preexisting atrial fibrillation, that is, the absence of regular atrial activity, prevented any predictable variations in S1 or jugular a waves. The right panel was recorded after conversion of atrial fibrillation by electric countershock and the spontaneous occurrence of an A-V junctional rhythm at a rate of 72/ min. In this the retrograde P' waves occur regularly after QRS complexes at constant R-P' intervals. The intensity of the first heart sound varies relatively little. The most impressive feature, however, is the constancy of the appearance of the JVP tracing showing spiking c waves followed by small a waves related to the retrograde P' waves. At the bedside, these giant c waves were mistaken for normal or large a waves.
Discussion
Electrocardiographic characterization of the nature of paroxysmal tachyeardia is often difficult and uncertain because of the frequent overlapping of the features of supraventricular and ventricular tachycardias." 2 14 The dissociation between the atria and the ventricles, that is, between the P and the QRS complex, has been considered a key feature of ventricular tachycardia, whereas the demonstration of A-V conduction has been accepted as proof of supraventricular origin of the ectopic rhythm. The demonstration by a number of authors2-8 of retrograde V-A conduction in a high percentage of cases of ectopic beats originating in the ventricles and also documented in the present study indicates that A-V dissociation can no longer be considered a prerequisite for diagnosis of ventricular origin of an ectopic rhythm. Similarly, the bizarre configuration and long duration of the QRS complexes accepted so readily as features of ventricular tachycardia are found commonly in beats of supraventricular origin associated with aberration of intraventricular conduction. At least four possible mechanisms may explain this abnormality of the QRS complexes in beats of supraventricular origin.2 This, therefore, can no longer be held as a reliable criterion of ventricular tachycardia. An A-V junctional tachycardia with wide QRS complexes due either to preexisting bundle-branch block or the association of aberrant intraventricular conduction, in which retrograde conduction to the atria is absent, would be indistinguishable from a classical case of ventricular tachycardia.
The behavior of the first heart sound and JVP has been used as a supplement to the electrocardiographic diagnosis and their variability has been accepted as an indication of A-V dissociation and, therefore, a diagnostic feature of ventricular tachycardia.10-12, [15] [16] [17] [18] [19] Here, too, the intensity of Si and the configuration of JVP are governed entirely by the relationship between the P wave and the QRS complex. This study, while serving to emphasize the accuracy of this thesis, makes it abundantly clear that differentiation between the ventricular and supraventricular tachycardias on fig. 3 ). Only in cases in which the ventricular rate is more rapid than the atrial can one say with certainty that the origin of the tachycardia is below the atrium, that is, within the ventricles or in the A-V junctional tissue.
In view of these difficulties in differentiating ventricular from supraventricular tachycardias, Kistin2 extent on the demonstration of A-V dissociation and changing SI and JVP. It is hoped that the present study will serve to emphasize the difficulties that surround a definitive diagnosis and to stimulate further studies with the objective of establishing firmer criteria. 50 Years Ago: Growth and Form In the case of the heart we have, within each of its cavities, a pressure which, at any given moment, is constant over the whole wall-area, but the thickness of the wall varies very considerably. For instance, in the left ventricle, the apex is by much the thinnest portion, as it is also that with the greatest curvature. We may assume, therefore (or at least suspect, that the formula, t(llr + l/r' = C, holds good; that is to say, that the thickness (t) of the wall varies inversely as the mean curvature. This may be tested experimentally, by dilating a heart with alcohol under a known pressure, and then measuring the thickness of the walls in various parts after the whole organ has become hardened. By this means it is found that, for each of the cavities, the law holds good with great accuracy. Moreover, if we begin by dilating the right ventricle and then dilate the left in like manner, until the whole heart is equally and symmetrically dilated, we find (1) that we have had to use a pressure in the left ventricle from six to seven times as great as in the right ventricle, and (2) 
